Results: Of 675 adolescents, 557 were hospitalized and 50 died. Albumin >4.0/3.7 g/dl was associated with male gender, Hispanic ethnicity, and higher hemoglobin level. Those with albumin >4.0/3.7 g/dl had fewer deaths per 100 patient-years and fewer hospitalizations per time at risk. In multivariate analysis, patients with albumin >4.0/3.7 g/dl had 57% decreased risk for death. Poisson regression showed progressive decrease in hospitalization risk as albumin level increased; however, confidence intervals were similar between albumin >4.0/3.7 g/dl and albumin >3.5/3.2 and <4.0/3.7 g/dl.
T he National Kidney Foundation Dialysis Outcomes Quality Initiative (DOQI) practice guidelines were first established in 1997 to create standards for dialysis care. The current outcome goal for serum albumin for adult maintenance dialysis patients is a predialysis or stabilized serum albumin equal to or greater than the lower limit of the normal range (4.0 g/dl for the bromcresol green [BCG] laboratory method) (1) . There is no established pediatric outcome goal for serum albumin. For adults who are on hemodialysis (HD), serum albumin Ͻ4.0 g/dl has been shown to be a strong predictor of mortality (2) (3) (4) . For children, serum albumin level Ͻ3.5/3.2 g/dl (BCG/bromcresol purple [BCP] ) is generally considered the cutoff for hypoalbuminemia, although normal values for children 5 to 19 yr of age are serum albumin 4.0 to 5.3 g/dl (5) . There is very little evidence to assess the relevance of adult target serum albumin levels in pediatric patients with ESRD.
Concise Methods
For this retrospective cohort study, national data on all prevalent in-center HD patients who were aged 12 to 18 yr between October and December 1999 and October and December 2000 were obtained from the Centers for Medicare and Medicaid Services' ESRD Clinical Performance Measures (CPM) Project. This information was then linked with 4-yr hospitalization and mortality records (October 1999 through November 2003) of Medicare-eligible HD patients in the US Renal Data System (USRDS) by unique USRDS identification numbers.
The ESRD CPM Project collects clinical data on dialysis patients to assess the quality of care in several areas, including serum albumin, anemia management, vascular access, and dialysis adequacy (6) . In the ESRD CPM Project, serum albumin levels were recorded monthly during 3 mo of each year, October through December 1999 and 2000; up to three separate serum albumin measures were available for each patient per year. The monthly values were averaged and analyzed as means in each year. Mean albumin levels were categorized as Ͻ3.5/3.2, Ն3.5/3.2 and Ͻ4.0/3.7, and Ն4.0/3.7 g/dl (BCG/BCP).
Clinical characteristics that were obtained from the ESRD CPM data set were compared among the serum albumin groups. Age was considered as a continuous variable. The remaining covariates were examined as categorical variables, including mean hemoglobin level (Ͻ11 versus Ն11 g/dl), race (white versus other), Hispanic ethnicity (yes/no), gender, access type (catheter versus graft/fistula), and dialysis vintage (Ͻ180 versus Ն180 d). Mean serum ferritin level was classified as 100 to 500 versus Ͻ100 versus Ͼ500 ng/ml on the basis of the most recent KDOQI clinical practice recommendations for anemia in children (7) . Body mass index (BMI)-for-age percentiles were calculated based on Centers for Disease Control and Prevention (CDC) gender-specific growth charts and then categorized by CDC classifications as fifth through 85th (healthy weight) versus less than fifth (underweight) versus Ͼ85th and Ͻ95th (risk of overweight) versus Ն95th percentile (overweight) (8) . ESRD duration was categorized as Ͻ2 versus 2 to 5 versus Ͼ 5 yr. To adjust for possible differential urinary protein losses in nephrotic patients, ESRD cause was classified as nephrotic (using International Classification of Diseases, Ninth Revision codes 581.0 through 581.3, 581.8, 581.9, and 582.1) versus other. Mean single-pool Kt/V was calculated according to the Daugirdas II formula and categorized as Ͻ1.2 versus Ն1.2 (9). USRDS treatment history files were explored for any changes in treatment modality. Because a greater prevalence of low serum albumin in pediatric peritoneal dialysis patients versus HD patients has been reported, we adjusted for any treatment switching from peritoneal dialysis (PD) to HD by including a dichotomous variable for PD exposure during the time of the study (PD yes/no) (10) .
Risk for death and hospitalization was analyzed by mean albumin level, categorized as noted previously. Death and hospitalization data were obtained from the USRDS patient and hospitalization files, respectively. Nonparametric Kaplan-Meier curves with log-rank tests and semiparametric Cox proportional hazard regression models were used to compare survival and time to first hospitalization, adjusting for the aforementioned covariates. Hospitalization risk was further analyzed as total claims per time at risk using Poisson regression. The start date for time at risk was entry date into the ESRD CPM cohort (October 1, 1999, or October 1, 2000). The last death date reported in the patient files was used as the end point for time at risk for both mortality and hospitalization analyses. A sensitivity analysis was performed excluding patients who were switched to PD during the study period. Additional analyses examined risk for hospitalization and mortality by cause and by Hispanic subgroups: Hispanic Mexican versus other Hispanic.
For patients who had serum albumin data in both ESRD CPM Project study years, clustering by USRDS identification number was used to account for repeated measures. P Ͻ 0.05 was considered statistically significant. All data management and analysis were conducted using Stata 9.0 software (StataCorp, College Station, TX).
Results

Patient Characteristics
A total of 680 individual patients who were aged 12 to 18 yr were identified in the ESRD CPM project, and all had hospitalization and mortality data available in the USRDS database. Five patients were dropped from this merged data set secondary to transplantation or death within the first 2 mo of data collection. A total of 177 patients remained on HD from October 1999 through December 2000 and therefore had serum albumin information in 2 yr of ESRD CPM data collection (Table 1, Figure 1 ).
Among the 675 included patients, the mean age was 16 yr (SD 1.66); 52% of patients were male, 49% were white, and 23% were Hispanic; 18% had nephrosis or FSGS as the cause of renal disease. g/dl (Ϯ 0.51); 47% had catheters for vascular access. Mean hemoglobin was 11.0 g/dl (Ϯ 1.61), and mean serum ferritin was 296 ng/ml (Ϯ 318). Mean BMI was 21 kg/m 2 (Ϯ 7.7). Mean single-pool Kt/V was 1.48 (Ϯ 0.41). Forty (6%) patients were switched to PD for some portion of their follow-up time. A total of 326 (48%) patients were censored at transplantation; 15 (2%) patients were censored when they were lost to follow-up.
Patients with serum albumin Ն4.0/3.7 g/dl (BCG/BCP laboratory methods) were more likely to be male and Hispanic and more likely to have higher hemoglobin levels than those with serum albumin Ͻ3.5/3.2 g/dl. Patients with serum albumin Ͻ3.5/3.2 g/dl were more likely to have higher serum ferritin, catheters for vascular access, and shorter dialysis vintage.
During the designated follow-up period for hospitalization, 557 (83%) of the 675 included patients were hospitalized. There were 50 deaths during a 4-yr mortality follow-up period. Of those deaths, 24 occurred in patients with serum albumin data exclusively in CPM2000, 16 deaths occurred in patients with data exclusively in CPM2001, and 10 deaths occurred in patients with data from both collection periods. Known causes of death included 25 cardiovascular events and 11 deaths related to infection.
Bivariate Analysis: Survival
In bivariate analysis, there were 4.98 deaths per 100 patientyears among patients with serum albumin Ͻ3.5/3.2 g/dl compared with 3.29 deaths among those with serum albumin Ն3.5/ 3.2 and Ͻ4.0/3.7 g/dl and 2.07 deaths in those with serum albumin Ն4.0/3.7 g/dl (P ϭ 0.062) ( Table 2) . Patients who died tended to be older (16.4 yr of age for those who died versus 15.9 yr of age for those who survived; P ϭ 0.04) and tended to have lower mean hemoglobin (10.6 g/dl for those who died versus 11.1 g/dl for those who survived; P ϭ 0.05).
Kaplan-Meier curves and log-rank testing were also used to assess survival risk. Log-rank testing did not demonstrate a statistically significant difference in survival by differential mean serum albumin levels at 1500 d (P ϭ 0.06); however, the survival curve did suggest that the higher serum albumin groupings had improved survival up to at least 1095 d, or 3 yr ( Figure 2 ).
Bivariate Analysis: Hospitalization
Patients with serum albumin Ͻ3.5/3.2 g/dl had 2.25 hospitalizations per time at risk versus 1.69 hospitalizations for patients with serum albumin 3.5/3.2 and Ͻ 4.0/3.7 g/dl and 1.60 hospitalizations for patients with serum albumin Ն4.0/3.7 g/dl (P ϭ 0.007). The mean time to first hospitalization also increased as serum albumin level increased, from 246 to 306 d; however, this was not statistically significant (P ϭ 0.087) ( Table  2 ). Of the categorical covariates, nonwhite race was associated with increased risk for hospitalization (P ϭ 0.034, 2 ). In addition, all 40 patients who received PD at some time during the study were hospitalized. By t testing, several covariates were associated with differential risk for hospitalization. Mean hemoglobin level in patients who were hospitalized was 10.9 versus 11.5 g/dl in those who were not hospitalized (P ϭ 0.0004). Hospitalized patients also had higher mean ferritin levels (310 versus 230 ng/ml in those who were not hospitalized; P ϭ 0.021), had ESRD for a longer period of time (1123 versus 543 d; P ϭ 0.000), and had longer dialysis vintage (539 versus 250 d in those who were not hospitalized; P ϭ 0.004).
We also examined more closely patients with repeated measures. Of the 177 patients with mean serum albumin measures in both ESRD CPM Project years, there were 10 deaths and 166 hospitalizations. A total of 116 (66%) patients had the same albumin level in both years, 43 (24%) patients experienced an increase in serum albumin level, and 18 (10%) patients had a serum albumin level decrease. Of the patients who died, only one had persistently low serum albumin levels Ͻ3.5/3.2 g/dl We also performed several analyses to examine different combinations of covariates. Of the models detailed in Table 6 , the demographic, dialysis, and Hispanic subgroup models demonstrated a statistically significant association between increasing serum albumin level and decreasing risk for hospitalization. Although, across models, serum albumin Ն4.0/3.7 g/dl (versus albumin Ͻ3.5/3.2 g/dl) showed lower point estimates for risk for hospitalization compared with albumin Ն3.5/3.2 and Ͻ4.0/ 3.7 g/dl (versus albumin Ͻ3.5/3.2 g/dl), the CI in both groupings were fairly similar.
Additional Analyses
We examined the relationship between serum albumin level and cause of death using bivariate analysis and 2 testing. In our study, 25 of 50 deaths were due to cardiovascular reasons and 11 were due to infectious causes: 39% of patients with serum albumin Ͻ3.5/3.2 g/dl had a cardiovascular-related death (n ϭ 5) versus 55% of patients with serum albumin 3.5/3.2 to 4.0/3.7 g/dl (n ϭ 12) versus 53% of patients with serum albumin Ն4.0/3.7 g/dl (n ϭ 8; P ϭ 0.625). Fifteen percent of patients with serum albumin Ͻ3.5/3.2 g/dl died as a result of infection (n ϭ 2) versus 27% of those with serum albumin 3.5/3.2 to 4.0/3.7 g/dl (n ϭ 6) versus 20% of those with serum albumin Ն4.0/3.7 g/dl (n ϭ 3; P ϭ 0.697).
We also examined whether being hospitalized for infectious or cardiovascular reasons might vary risk for hospitalization. Ninety-one of 557 (16%) patients who were hospitalized were hospitalized for cardiovascular causes, and 273 (49%) of 557 patients who were hospitalized were hospitalized for infectious causes (not mutually exclusive). Of patients who were hospitalized, those with serum albumin 3.5/3.2 to 4.0/3.7 g/dl (versus Ͻ3.5/3.2 g/dl) were 32% less likely to be hospitalized for a cardiovascular reason (IRR 0.68; 95% CI 0.38 to 1.20) , and those with serum albumin Ն4.0/3.7 g/dl (versus Ͻ3.5/3.2 g/dl) were 45% less likely to be hospitalized for a cardiovascular cause (IRR 0.55; 95% CI 0.30 to 0.99). When hospitalizations for infectious reasons were examined, the risk for hospitalization was similar for both serum albumin 3.5/3.2 to 4.0/3.7 g/dl (IRR 0.78; 95% CI 0.60 to 1.01) and serum albumin Ն4.0/3.7 g/dl 
Discussion
Achieving a serum albumin level equal to or greater than the lower limit of the normal range (4.0 g/dl for the BCG method) is recommended by the National Kidney Foundation as an outcome goal for adult maintenance dialysis patients. No evidence-based recommendations for serum albumin exist for children with ESRD. Only one previous study to our knowledge has examined the association between hypoalbuminemia and mortality risk in pediatric patients with ESRD; Wong et al. (13) examined the association between serum albumin obtained 45 d before dialysis initiation and death among incident pediatric patients. The authors found a 1.90 increased risk for mortality (95% CI 1.16 to 3.10) among patients with serum albumin Ͻ3.5 g/dl versus those with serum albumin Ն3.5 g/dl in up to 3 yr of follow-up. We set out to investigate whether subcategories of serum albumin levels were associated with differential risk for mortality and hospitalization among all prevalent HD pediatric patients and to investigate the influence of multiple confounders on this relationship. For mortality, we found that patients with serum albumin Ն4.0/3.7 g/dl had fewer deaths per 100 patient-years than patients with serum albumin 3.5/3.2 to 4.0/3.7 g/dl and serum albumin Ͻ3.5/3.2 g/dl. In Cox regression, across multiple models, serum albumin Ն4.0/3.7 g/dl was associated with a 57 to 62% decreased risk for mortality compared with serum albumin Ͻ3.5/3.2 g/dl. Test of trend demonstrated a 33% decrease in risk for death as serum albumin grouping increased from Ͻ3.5/3.2 to Ն4.0/3.7 g/dl (HR 0.67; 95% CI 0.46 to 0.97). Point estimates were fairly consistent across multiple models.
Mean dialysis vintage Ն180 d was an independent predictor of mortality. This finding is not unexpected, because patients who have been on dialysis longer are likely to be sicker and more chronically malnourished and have chronic inflammation, etc. In addition, patients who were on HD for Ͻ180 d may have been placed on HD as a temporary measure (e.g., while awaiting transplantation).
Hemoglobin was a strong independent predictor of mortality. We previously reported the relationship between anemia and mortality in this same adolescent HD cohort with adjustment for a different set of covariates (14) . In our previous reported data, we found that hemoglobin Ն11 g/dl was associated with decreased risk for death (HR 0.38; 95% CI 0.20 to 0.72) in multivariate analysis. Serum albumin level Ն3.5/3.2 g/dl was also associated with both improved survival and decreased risk for hospitalization in crude analyses, but these findings were mitigated in adjusted analyses. These results are consistent with previous literature on adult patients with chronic kidney disease (2). Madore et al. (15) retrospectively examined 21,899 patients who were receiving HD and found that "of all of the variables examined. . ., albumin was the most closely associated with hemoglobin concentration." The authors postulated that visceral protein deficiency manifested as hypoalbuminemia might contribute to ineffective erythropoiesis and subsequent anemia. Recently, another study of 82 adult patients who were on HD demonstrated that serum albumin concentration was an important predictor of both baseline hemoglobin and erythropoietin sensitivity (16) . The authors found that after controlling for erythropoietin dosage and multiple other covariates, the only factor that explained hemoglobin variation was serum albumin. The rate of change in hemoglobin was increased 0.49 g/dl per mo for each 1-g/dl per mo increase in albumin. The authors suggested that both serum albumin and hemoglobin may be markers of overall health status, with declines in both markers occurring with episodes of infection, increased inflammation, oxidative stress, and malnutrition. Clearly, there is an important interaction between anemia and hypoalbuminemia, and further studies to examine causality are needed.
It is interesting that the Kaplan-Meier survival curve demonstrated improved survival in patients with albumin Ն4.0/3.7 g/dl up to 3 yr after onset of the study. At 4 yr, the survival curves for each serum albumin grouping became similar. This result may reflect that as patients are further out from the time of serum albumin measurement, serum albumin becomes a less effective predictor of survival.
For hospitalization analysis, we found that patients with serum albumin Ն4.0/3.7 g/dl had fewer hospitalizations per time at risk (P ϭ 0.007). They also had longer mean time to hospitalization; however, this result was not statistically significant. Poisson regression showed progressive decrease in risk for hospitalization as serum albumin level increased; however, CI were quite similar between patients with serum albumin Ͼ4.0/3.7 g/dl and patients with serum albumin 3.5/3.2 to 4.0/3.7 g/dl (Tables 5 and 6 ). All models demonstrated decreased risk for hospitalization for both groupings versus patients with serum albumin Ͻ3.5/3.2 g/dl. Of the covariates examined, patients who were of Hispanic Mexican ethnicity and those with hemoglobin Ն11 g/dl were at decreased risk for hospitalization. It is not surprising that those who are less anemic are at lower risk for being hospitalized. The differing point estimates between Hispanic Mexican and other Hispanic patients were surprising, however. Previous literature showed increased C-reactive protein (CRP) and microalbuminuria in Hispanic Mexican patients; therefore, we expected increased hospitalization risk in this Hispanic subgroup (11, 12) . It is possible that we are missing claims for Hispanic Mexican patients. In 2004, the CDC produced a report entitled "Access to Health Care Among Hispanic/Latino Children: United States, 1998 States, -2001 . This report found that of five Hispanic subgroups examined, Mexican children were most likely to lack health insurance coverage and least likely to have a usual place to go for health care. Thus, our finding may reflect lack of access to health care rather than intrinsic biologic or ethnic differences. Atkinson et al. (18) examined associations between ethnicity and intermediate outcomes of anemia, hypoalbuminemia, and clearance parameters in pediatric ESRD patients in the CPM cohort from 2004 through 2005; the authors found that Hispanic patients were significantly more likely to achieve mean serum albumin Ն4.0/3.7 g/dl (BCG/BCP) compared with non-Hispanic white patients and were as likely to achieve clearance and hemoglobin targets. They did not, however, ex-amine Hispanic subgroups. Further study into ethnic disparities in ESRD outcomes is needed.
Serum albumin is commonly used as a proxy of nutritional status as well as a marker of inflammation (19) . In pediatric ESRD, markers of inflammation and malnutrition are still being defined. Cengiz et al. (20) demonstrated higher CRP, serum ferritin, and erythrocyte sedimentation rate and lower serum albumin and serum transferrin in 27 children who were on HD versus 20 healthy pediatric control subjects. Goldstein et al. (21) showed elevated cytokines in 13 children who were receiving maintenance HD versus published age-matched control subjects. Brem et al. (22) demonstrated an inverse relationship between serum ferritin and serum albumin in 39 pediatric patients with ESRD. In our analysis, besides serum albumin, we used serum ferritin as a surrogate for inflammation. Serum ferritin is an acute-phase reactant and may also reflect inflammation, malnutrition, or infection. Although serum ferritin is an imperfect marker of inflammation, low levels have been shown to correlate well with iron deficiency and high levels are more likely to correlate with inflammation (23) . Thus, for multivariate analysis, we classified serum ferritin levels into three categories: 100 to 500 versus Ͻ100 versus Ͼ500 ng/ml. Patients with serum albumin Ͻ3.5/3.2 g/dl in our study had higher mean serum ferritin levels (Table 1) . Categorical serum ferritin levels did not demonstrate a statistically significant association with mortality in our Cox regression analyses; however, the point estimates did suggest decreased risk for mortality in patients with serum ferritin Ͻ100 ng/ml and increased risk for mortality in those with serum ferritin Ͼ500 ng/ml (versus ferritin 100 to 500 ng/ml; Table 3 ). In Poisson regression, serum ferritin was not predictive of hospitalization risk. We did not have data on other inflammatory markers, such as transferrin, CRP, or specific cytokines. We also did not have data on factors such as prealbumin, acid-base status, IGF-1, cholesterol, phosphorus, or intact parathyroid hormone, which have all been linked with nutritional aberration. It is also possible that serum ferritin was higher in patients who had active infection; however, we were unable to discern statistically significant differences between serum albumin groupings and hospitalization or death as a result of infectious causes.
Wong et al. (24) examined anthropometric measures and risk for death in children with ESRD using USRDS data and found that decreases in growth velocity and height SD score were associated with increased risk for death. They suggested that poor growth might be a reflection of an abnormal growth hormone and insulin growth factor axis, which might promote cardiovascular disease and subsequently cardiac death. It has also been reported that hypoalbuminemia can induce a hypercoagulable and atherogenic state (25) . We included BMI as a surrogate for nutrition; however, elevated BMI may also have reflected volume overload. We found no association between BMI and mortality or hospitalization. We also examined the association between cardiac death and serum albumin level in bivariate analysis; we performed a secondary analysis that looked at deaths and hospitalizations identified as being due to cardiovascular causes. We detected no difference in cardiovascular deaths by serum albumin level; however, we did detect a 45% lower risk for hospitalization for cardiovascular causes in patients with serum albumin Ͼ4.0/3.7 g/dl and a 32% lower risk in patients with serum albumin 3.5/3.2 to 4.0/3.7 g/dl.
We also adjusted for dialysis prescription (i.e., Kt/V). Brem et al. (26) demonstrated a strong inverse relationship between Kt/V and serum albumin level in 53 pediatric dialysis patients over 18 mo. In our population, mean Kt/V values were similar for patients in all serum albumin groupings (Table 1) , and we were unable to detect any association between dialysis adequacy and mortality or hospitalization.
The ESRD CPM Projects include all prevalent pediatric HD patients in US dialysis centers, and thus this data analysis examines the largest, most comprehensive data set available for this population. Our data analyses demonstrated statistically significant differences between risk for mortality and serum albumin levels. For mortality, analyses consistently showed the lowest risk at serum albumin Ն4.0/3.7 g/dl. For hospitalization, risk was similar for both serum albumin Ն4.0/3.7 g/dl and serum albumin 3.5/3.2 to 4.0/3.7 g/dl but clearly lower than risk at serum albumin level Ͻ3.5/3.2 g/dl. This retrospective cohort study cannot discern cause and effect; it does, however, support adult data demonstrating decreased risk for mortality and hospitalization with serum albumin Ն3.5/3.2 g/dl and suggests that patients who are able to achieve a serum albumin Ն4.0/3.7 g/dl may have the lowest risk for mortality and hospitalization. It is most likely that patients who are able to achieve this highest serum albumin level are also the patients with less anemia, less chronic inflammation, and better overall health status. Our results call particular attention to the strong relationship between serum albumin and anemia and the need for more basic science research to elucidate this complex interaction.
